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(54) PROJECTION AUGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a projection aligner 

which omits a machine component for adjustment, whose 
structure is simplified and whose costs are reduced by a 
method wherein a temperature-variable means is controlled on 
the basis of a measured temperature distribution, a prescribed 
temperature distribution is given to an optical element and the 
aberration of a projection optical system is corrected. 
SOLUTION: Heaters HI and H2 are attached to the outer 
circumference of an optical lens L3. When the respective 
heaters HI, H2 are not electrified, the temperature distribution 
of the optical lens L3 is measured by a temperature sensor, its 
temperature is made uniform, and an image point on a wafer W 
with reference to the object point O of a pattern on a reticle R 
is set at I. In addition, a lattice-shaped pattern P is image- 
formed on the wafer W so as to be distorted by a projection 
optical system which is composed of a group of optical lenses 
LI to L3, the heater HI is electrified on the basis of the 
temperature distribution measured by the temperature sensor 
so as to generate heat, the heated part of the optical lens L3 is 

expanded so as to become a shape L3', an image point with reference to the object point O is set at T, 
and a distortion is corrected. Consequently, a machine component for adjustment can be omitted. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a projection aligner including the illumination system which illimiinates reticle, the substrate 
stage holding a sensitization substrate, and the projection optical system which forms the pattern image of 
said reticle on said sensitization substrate A temperature adjustable means to change the temperature of the 
optical element which constitutes said projection optical system, A thermometry means to measure the 
temperature distribution of said optical element. The projection aligner characterized by having the 
temperature-distribution control means which amends the aberration of said projection optical system by 
controlling said temperature adjustable means based on the temperature distribution measured by said 
thermometry means, and giving predetermined temperature distribution to said optical element. 
[Claim 2] The projection aligner according to claim 1 characterized by having two or more heat pump 
arranged in the periphery of one or more optical elements which constitute said projection optical system as 
said temperature adjustable means. 

[Claim 3] The projection aligner according to claim 1 or 2 characterized by equipping said optical element 
with an infrared exposure means to irradiate infrared radiation by the desired pattern, as said temperature 
adjustable means, and having a radiation thermometer as said thermometry means. 

[Claim 4] The projection aligner according to claim 1 characterized by having the storage means which the 
temperature distribution of said optical element and the optical property of said projection optical system 
were made to correspond, and was memorized. 

[Claim 5] It is the projection aligner according to claim 1 which is equipped with a simulation means to 
simulate the image formation property of said projection optical system as a control result of said 
temperature adjustable means by said temperature-distribution control means, and is characterized by said 
temperature-distribution control means controlling said temperature adjustable means based on the result of 
the simulation by said simulation means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the projection aligner used for manufacture of a 

semiconductor device, a liquid crystal display, etc. 

[0002] 

[Description of the Prior Art] At the photograph RISOGURAFU process of manufacturing a semiconductor 
device, a liquid crystal display, the thin film magnetic head, etc., carrying out projection exposure of the 
pattem formed in a photo mask or reticle (henceforth reticle) using the projection aligner on sensitization 
substrates, such as a wafer with which it was applied to sensitization agents, such as a photoresist, and a 
glass plate, is performed. It repeats piling up and exposing this pattem exposure on the pattem already 
formed on the sensitization substrate two or more times, and, usually it is performed. Since the precision of 
the pattem formed on the sensitization substrate has direct effect on the engine performance of the device 
which is a finished product, it is required that the projection optical system of a projection aligner should 
make distortion of an image (distortion aberration) very small. Therefore, it is needed for making very small 
distortion aberration theoretically produced in the case of the design of a projection lens to, make small 
******, and the manufacture error and assembly tolerance of the optical element produced in the case of 
manufacture of course. Moreover, since the aberration of a projection optical system is changed by change 
of environmental parameters, such as an atmospheric pressure and temperature, the temperature change of 
the optical element by absorbing exposure light at the time of exposxire, etc., the amendment to these 
fluctuation is also required. 

[0003] The following has been performed in order to suppress conventionally the error produced at the time 
of manufacture of a projection aligner. One is reduction of the error of the optical element itself to be used. 
For example, in case the optical element (the so-called optical lens) of a refraction mold is manufactured, 
efforts that the thing near the ideal value on an optical design will be completed have been made by using 
the high optical material of refractive-index homogeneity, and processing it in a very high precision. 
Moreover, achievement of the designed engine performance has been achieved by adding a device to 
mounting so that it may be held at exact physical relationship, without the completed optic producing 
deformation. 

[0004] However, in manufacture of the projection optical system of a projection aligner, since the very 
advanced engine performance is required, it happens to cross the limitation of process tolerance that the 
manufacture precision demanded from each components is acquired with a current technique. Therefore, the 
actual condition has taken the technique of making the engine performance required as the whole projection 
optical system attain by trial and error by repeating adjustment to each part of the optical system which 
could not obtain the required engine performance only by the above approaches, but was composed 
eventually. 

[0005] Moreover, to fluctuation of the aberration produced by change of an operating environment etc., by 
making a part of approach of isolating from change of an external environment and protecting by putting in 
the whole projection optical system in an ECS, or covering a projection optical system in a temperature 
control jacket, or projection optical system into sealing structure, the atmospheric pressure of the part was 
controlled and the configuration which compensates fluctuation of the aberration by the environmental 
variation by the approach of moving some optical elements had been taken. 
[0006] 

[Problem(s) to be Solved by the Invention] There are the following problems in the conventional projection 
aligner mentioned above. That is, although compensated with adjusting conventionally about the projection 
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optical system eventually assembled to the error produced at the time of manufacture, it cannot adjust on the 
product a high precision was needed also for the adjustment, and setting up was finished about all engine 
performance. 

[0007] In amendment of the distortion aberration (distortion) of a projection optical system, by adjusting the 
distance between the optical elements which constitute a projection optical system by several places to 
amendment of a symmetry-of-revolution component, most can be corrected and it can correct by moving an 
optical element in three dimension also about a component synMnetrical with some nonrotation. However, it 
was very difficult from fields, such as precision and access nature, to correct about all components after 
completion of a product. 

[0008] Moreover, when the case where the optical-glass material which forms an optical element has 
refractive-index distribution, and the attaching part article had deformed, when not decomposed and 
exchanged to the level of the components which constitute optical system, while there is also an 
uncorrectable thing and making difficult prediction of the amoimt of charge components, and scheduling of 
a manufacture construction period until now, buildup of an equipment price was brought about. There was 
same problem also in the adjustment to adjustment when the environment where equipments, such as 
temperature, are used changes, aging of equipment, etc. This invention was made in view of these points, 
and aims at offering the device which can amend the various components of distortion aberration with a 
comparatively easy configuration with flexibility to the projection optical system carried in a projection 
aligner. 
[0009] 

[Means for Solving the Problem] In this invention, temperature distribution are intentionally given to the 
optical element itself which constitutes a projection optical system, and said object is attained by amending 
distortion aberration by making the optical element deform physically. 

[0010] Namely, this invention is set to a projection aligner including the illimiination system (lU) which 
illuminates reticle, and the projection optical system (PL) which forms the substrate stage (ST) holding a 
sensitization substrate (W), and the pattern image of reticle (R) on a sensitization substrate. A temperature 
adjustable means to change the temperature of the optical element (LI - L6) which constitutes a projection 
optical system (PL) (HI, H2, HPl- HPS, SC), A thermometry means to measure the temperature distribution 
of an optical element (SI- S8, IR), It is characterized by having the temperature-distribution control means 
(TC) which amends the aberration of a projection optical system by controlling a temperature adjustable 
means based on the temperature distribution measured by the thermometry means, and giving predetermined 
temperature distribution to an optical element. 

[001 1] Either the thing of a type which contacts an optical element and gives temperature distribution to an 
optical element by heat conduction, or the thing of a type which gives heat to an optical element by non- 
contact can be used for a temperature adjustable means, and it can also be used combining the thing of both 
types. Heating cooling means, such as heating means, such as a heater (HI, H2) arranged in the periphery of 
one or more opticeil elements which constitute a projection optical system as a temperature adjustable means 
of a contact mold, or heat pump (H.P.I -HPS), can be used. [ two or more ] Moreover, as a temperature 
adjustable means of a non-contact mold, an infrared exposvure means (SC) to irradiate infrared radiation by 
the desired pattern can be used for an optical element. 

[0012] As a thermometry means, temperature sensors (Sl-SS), such as two or more thermocouples arranged 
around an optical element, can be used. Moreover, if the radiation thermometer (IR) which consists of 
infrared image pick-up equipment etc. as a thermometry means is used, the temperature distribution for a 
center section of an optical element are measwable by non-contact. Of course, you may use as a 
thermometry means combining two or more thermocouples which measure the temperature distribution of 
the periphery of an optical element, and the radiation thermometer which measures the temperature 
distribution for a center section of an optical element. A temperature-distribution control means (TC) can 
perform highly precise control by controlling a temperature adjustable means so that the temperature 
distribution of the optical element measured by the thermometry means turn into desired temperature 
distribution. 

[0013] Since it arranges in the periphery section of an optical element, the temperature adjustable means of 
contact molds, such as a heater and heat pump, can be installed also to the optical element of which 
locations, such as an optical lens arranged at a part for the center section of a lens barrel (T). Moreover, it is 
possible to give a big temperature gradient to an optical element by using combining the heat pxmip which 
has refrigeration capacity in addition to the heater which has heating capacity. Since an installation location 
is restricted to the periphery section of an optical element on the other hand in order to take a large effective 
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area of an optical element, and heat transfer cannot be directly performed to the central field near the optical 
axis of an optical element, the temperature-distribution pattern which can be given to an optical element will 
be restricted. 

[00 1 4] On the other hand, since the temperature adjustable means of non-contact molds, such as an infi-ared 
beam scaimer, can give direct heat also to the field near the optical axis, without narrowing the effective area 
of an optical element, its degree of freedom of the temperature-distribution pattem which can be given to an 
optical element is comparatively large. However, although the optical element which can irradiate an 
infrared beam is usually restricted to the optical element of the vertical both ends of a projection optical 
system and can heat an optical element, it cannot be cooled. Thus, the temperature adjustable means of a 
contact mold and the temperature adjustable means of a non-contact mold are having the Amotion which 
complements mutually and suits it and using combining both, and aberration amendment of a highly precise 
projection optical system is attained as compared with the case where each is used independently. 
[0015] In amending the distortion aberration (distortion) of a projection optical system, the aberration of a 
projection optical system is searched for by projecting known patterns, such as a grid pattem, on an image 
formation side according to a projection optical system first, and measuring the distortion of a pattem by 
which image formation was carried out. Next, in order to amend the measxired aberration, it is determined 
what kind of temperature distribution should be given to which optical element in a projection optical 
system. Then, it will control in quest of controlled variables by the temperature-distribution control means, 
such as a current value which should be passed at each heater in order to realize the temperature distribution, 
the linearity operation based on location survey data since asking analytically is difficult the controlled 
variable — or it asks by simulation. 

[0016] The principle of distortion aberration amendment of the projection optical system by this invention is 
explained using drawing 1 and drawing 2 . Drawing 1 shows typically the projection optical system of the 
refraction mold which consists of optical lenses LI, L2, and L3. Image formation of the pattem on the 
reticle R uniformly illuminated by the illiunination light IL is carried out on the wafer W to which 
sensitization agents, such as a photoresist, were applied by the optical lens groups L1-L3. It is attached in 
the periphery of an optical lens L3 so that heaters HI and H2 may illustrate. 

[0017] When not energizing at heaters HI and H2, the temperature of an optical lens L3 is uniform, and the 
image point on the wafer W to the object point O of the pattem on the reticle R at that time is L When you 
project this pattem P on Wafer W according to the projection optical system which consists of optical lens 
groups L1-L3 noting that the grid-like pattem P as shown in Reticle R at drawing 2 (a) is formed now, as 
shown in drawing 2 (b), it is distorted and suppose that image formation was carried out. If it energizes at 
the heater HI attached above the optical lens L3 at this time and it is made to generate heat, it will become a 
configuration like L3' which the part in which temperature distribution arose and were heated expands to an 
optical lens L3, and is shown with a broken line. Therefore, the pattem image which the location of the 
image on Wafer W shifts and the image point to the object point O becomes T, and does not have distortion 
as shown on Wafer W at drawing 2 (c) is formed. 

[0018] By carrying out energization heating of the heaters HI and H2 simultaneously, the circumference 
part of an optical lens L3 can also be thickened compared with a center section. In this case, an optical lens 
L3 works as a concave lens, and it becomes possible to expand an image. Moreover, heat pump, such as a 
Peltier device, can be used instead of a heater, and circumference ****** of an optical lens can also be 
made thin by cooling an optical lens periphery to a center section at reverse compared with a core. In that 
case, an optical lens L3 works as a convex lens. 

[0019] Although the example simplified dramatically explained here, the amount of location gaps of the 
temperature distribution of the optical lens L3 by the energization to a heater HI, therefore the 
corresponding image of a part will also become complicated actually. Therefore, while analyzing the 
amount of fluctuation of the distortion aberration by the difference of the temperature of each part of an 
optical lens L3 in thermal analysis, optical simulation, etc. by the finite element method, it is required to 
consider enough arrangement of the heating means for giving the sensor and temperature distribution for 
measuring temperature or a cooling means. Moreover, it is also important to prevent the thermal disturbance 
over an optical lens. 

[0020] When applying this invention to a refraction optical element, the ingredient of an optical element 
needs to choose and choose physical properties according to the amount of amendments of distortion 
aberration. Although the optical material which can be used as an optical element by short wavelength- 
ization of an exposure light in recent years is restricted in the projection aligner, since the coefficient of 
linear expansion of fluorite (CaF2) by temperature is comparatively large and its permeability to the 
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ultraviolet rays generated from KrF, ArF excimer laser, etc. is also large, it is suitable as an optical material 
of the projection optical system by this invention. 

[002 1 ] Since this invention is what is amended by changing the temperature of an optical element and 
making it deform physically, without moving the optical element itself for the distortion aberration of the 
projection optical system which was being adjusted by changing the relative position of an optical element 
conventionally, it can exclude the machine part for adjustment which was the need conventionally, and is 
effective for the simplification and cost reduction of structure. Moreover, since it is possible to make an 
optical element deform locally by it not only to changing temperature, but giving temperature distribution, 
by the conventional approach, it becomes possible to also correct the component which is not the symmetry 
of revolution of the distortion aberration which v/as not able to be corrected, for example, distortion 
aberration, and a comparatively random component. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawing 3 is the schematic diagram showing the gestalt of operation of the 1 st of the 
projection aligner by this invention. A projection aligner holds the reticle stage RS holding the illumination- 
light study system lU and Reticle R, a projection optical system PL, and Wafer W, and is equipped with the 
movable wafer stage ST in the two-dimensional direction, and air conditioning control of the whole 
equipment is carried out so that it may be dedicated in the environmental control chamber EC and may 
become constant temperature. It consists of dioptric system which a projection optical system PL turns into 
fi-om six optical lenses LI - L6 in this example, and in order that lens barrel T holding an optical lens LI - 
L6 may perform highly precise temperatxire control, it is covered in the temperature control jacket TJ. 
[0023] TTie illumination light IL injected from the illumination-light study system lU illuminates the reticle 
R by which the pattern projected was drawn to homogeneity. And by receiving intensity modulation and 
diffraction with the pattern drawn on Reticle R, it has the information on a pattern and incidence is carried 
out to a projection optical system PL. A projection optical system PL forms the image of the pattern drawn 
on Reticle R on Wafer W. 

[0024] As shown in the periphery part of the optical lens LI of a up edge at drawing 4 among the optical 
lenses which constitute a projection optical system PL, heat pump HP 1 -HPS and temperature sensors S1-S8, 
such as a Peltier device, become a pair, and are spatially attached in the symmetry. Temperature control of 
each heat pump HP 1 -HPS is carried out by temperature-controller TC based on the thermometry result from 
temperature sensors S1-S8. An optical lens LI can be made to generate temperature distribution heating* 
driven or cooling driving each heat pump HP 1 -HPS according to an individual, and changing mutually the 
temperature of each part of an optical lens periphery, or by making it change to the laying temperature of the 
environmental control chamber EC and the temperature control jacket TJ. 

[0025] By changing the temperature in optical lens periphery section each point by heat pump HP 1 -HPS, it 
is possible it not only to add the function as a concave lens or a convex lens, but to give the function as a 
more complicated aspheric lens to an optical lens LL For example, amendment of distortion aberration 
symmetrical with nonrotation is also possible by lowering the temperature of the location of the heat pump 
HP3 and HP7 by which opposite arrangement was carried out so that the temperature of an optical lens LI 
might be intersected perpendicularly with raising and it in the location of the heat pump HPl and HPS by 
which opposite arrangement was carried out on both sides of the optical axis to reverse. In addition, by 
changing the combination of the temperature to generate, it is possible to deal also with the distortion 
aberration of a still more complicated configuration. 

[0026] The storage M, such as ROM and a magnetic disk, is formed along with temperature-controller TC, 
and the data which show the temperature distribution of an optical lens LI and the relation of the amount of 
fluctuation of the distortion aberration of a projection optical system PL to Storage M are memorized. It can 
ask for this data by location survey or simulation. Collection of the data based on location survey can be 
performed by repeating projecting the image of the reticle R which has a grid-like pattern where it gave the 
temperature distribution in the optical lens LI which constitutes a projection optical system PL and the 
temperature distribution are given, as shown in drawing 2 (a) on the image surface, and mefisuring the 
amount of gaps from the design location of the projected pattern, changing temperature distribution. 
Moreover, data collection by simulation can be performed by analyzing the amount of fluctuation of the 
distortion aberration when giving various temperature distributions to each optical element in thermal 
analysis, optical simulation, etc. by the finite element method. 

[0027] The controlled variable of each heat pump HPl -HPS by temperature-controller TC projects a grid- 
like pattern as shown in drawing 2 (a), measures the distortion aberration of a projection optical system PL, 
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and is determined by searching for temperature distribution required amending the aberration by the 
linearity operation from the data memorized by Store M. Temperature-controller TC amends the distortion 
aberration of a projection optical system PL by controlling each heat pximp HP 1 -HPS using the controlled 
variable determined in this way, acting as the monitor of the output of temperature sensors S1-S8. 
[0028] Drawing 5 is the schematic diagram showing the gestalt of operation of the 2nd of the projection 
aligner by this invention. In addition to the equipment of the gestalt of the 1st operation which is shown in 
drawing 5 and which showed the equipment of the gestalt of the 2nd operation to drawing 3 , it has the 
radiation thermometers IR, such as the infrared beam scanner SC and two-dimensional CCD infrared image 
pick-up equipment, and it replaces with storage and has simulation equipment SM. In drawing 5 , the same 
number as drawing 3 is given to the part which achieves the frmction same with having been shown in 
drawing 3 , and detailed explanation is omitted. 

[0029] The infrared beam scaimer SC can give heat by the desired pattern to an optical lens LI by scanning 
the front face of the optical lens LI exposed to the upper bed section of a projection optical system PL at a 
high speed, changing the reinforcement of an infrared beam. That is, an optical lens LI receives the 
temperature control by the exposure of an infrared beam in the temperature control and coincidence by the 
heat pump HP 1 -HPS arranged at the optical lens periphery section as shown in drawing 4 . Since the 
infrared beam scanner SC can also give heat to the field near the optical axis of the impossible optical lens 
LI depending on heat pump, compared with the temperature control only by heat pump HP 1 -HPS, the 
temperature control with a more high precision of it becomes possible. As for the wavelength of the infrared 
radiation scanned with the infrared beam scanner SC, it is desirable to set it as the wavelength which shows 
absorption with the strong optical-glass ingredient which forms the optical lens LI. When an optical lens LI 
uses tiie infrared radiation of wavelength in which strong absorption is shown, heat can be given only to the 
required optical lens LI, without affecting other optical lenses L2 - L6. In addition, it replaces with an 
infrared beam scanner, and the same effectiveness can be raised even if it establishes a lighting means to 
irradiate the infrared flux of light which has a desired pattern (for example, a center section being strong 
circular pattern of reinforcement with a weak periphery) on the strength at an optical lens LI, into the 
illumination-light study system lU. 

[0030] Moreover, with the temperature sensors S1-S8 arranged in the periphery section of an optical lens 
LI, the temperature distribution of the optical lens LI whole also including the optical lens core which was 
not able to be measured can be measured by using a radiation thermometer IR. 

[0031] Simulation equipment SM shall have the function which simulates the image formation property of a 
projection optical system PL by giving the temperature distribution of an optical lens LI by technique, such 
as the finite element method. In distortion aberration amendment of a projection optical system PL, by 
projecting a known pattern first, the distortion aberration of a projection optical system PL is measured, and 
the temperature distribution of the optical lens LI required for amendment of the measured distortion 
aberration are searched for using simulation equipment SM. Supervising the temperature distribution of the 
optical lens LI by the radiation thermometer IR in the real time, by controlling the heat pump HP1-HP8 and 
the infrared beam scaimer SC which were attached to the periphery section of an optical lens LI so that it 
might be in agreement with the temperature distribution asked for the temperature distribution with 
simulation equipment SM, temperature-controller TC corrects the optical property of a projection optical 
system PL, and amends distortion aberration. 

[0032] Moreover, simulation equipment SM shall have the fiinction which the infrared exposure pattern to 
the optical lens LI with the amovmt of energization to heat pump HP 1 -HPS and the infrared beam scanner 
SC which were arranged by the optical lens LI etc. is inputting the control parameter by the temperature 
conte rotor TC, and simulates the image formation property of a projection optical system PL by 
approaches, such as the finite element method. In this case, various control parameters can be inputted into 
simulation equipment SM, and the optimal control parameter can be foimd out by carrying out simulation of 
how the distortion aberration of a projection optical system PL changes. Temperature-controller TC should 
just control a temperature adjustable means according to the optimal parameter. 

[0033] Or the distortion aberration data of the projection optical system PL surveyed by simulation ** SM 
** can be inputted, and unattended operation of the simulation equipment SM can also be carried out so that 
the optimal control parameter for amending the distortion aberration may be outputted automatically. 
[0034] Thus, it is possible to change a temperature-distribution pattern on real time by carrying simulation 
equipment SM in the projection aligner itself. Even when using the simulation result by the finite element 
method calculated in advance, in optical materials with a comparatively large coefficient of linear 
expansion, such as fluorite, the temperature gradient given actually is enabled to approximate a thermal 
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count part by the linearity operation from few things, and high setting out of flexibihty is attained. 
Moreover, if deformation is very small or an error can be peraiitted, it is not concemed with fluorite but can 
apply also about all optical materials. 

[0035] Here, the example which gives temperature adjustable means, such as heat pump and an infrared 
scanner, only to the optical lens LI of a up edge among the optical elements which constitute a projection 
optical system was explained. Generally, as for the optical element which establishes a temperature 
adjustable means, it is advantageous to consider as the optical element near a body or an image, and it is 
advantageous to consider as the optical element by the side of a body in the projection optical system of a 
cutback projection mold. However, the optical element which attaches a temperature adjustable means is not 
restricted to the optic2d element of the upper bed of a projection optical system, or a soffit, can also be 
prepared in the optical element inside a lens-barrel, and can also be simultaneously attached to two or more 
optical elements. 

[0036] Moreover, as an example of a temperature adjustable means, although heat pump, such as a heater 
and a Peltier device, and an infrared beam scantier were raised, warm air or hot blast can be sprayed from a 
nozzle head, or the temperature distribution of an optical element can also be controlled by microwave 
exposure. 
[0037] 

[Effect of the Invention] According to this invention, the various components of distortion aberration can be 
amended with a comparatively easy configuration to the projection optical system carried in a projection 
aligner. 



[Translation done.] 
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[Docimient to be Amended] Description 

[Item(s) to be Amended] Claim 
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[Proposed Amendment] 

[Claim(s)] 

[Claim 1] In a projection aligner including the illumination system which illuminates reticle, the substrate 
stage holding a sensitization substrate, and the projection optical system which forms the pattern image of 
said reticle on said sensitization substrate, 

The projection aligner characterized by having a temperature adjustable means to change the temperatxare of 
the optical element which constitutes said projection optical system, a thermometry means to measure the 
temperature distribution of said optical element, and the temperature-distribution control means that amends 
the aberration of said projection optical system by controlling said temperature adjustable means based on 
the temperature distribution measured by said thermometry means, and giving predetermined temperature 
distribution to said optical element. 

[Claim 2] The projection aligner according to claim 1 characterized by having two or more heat pump 
arranged in the periphery of one or more optical elements which constitute said projection optical system as 
said temperature adjustable means. 

[Claim 3] The projection aligner according to claim 1 or 2 characterized by equipping said optical element 
with an injfrared exposure means to irradiate infi-ared radiation by the desired pattern, as said temperature 
adjustable means, and having a radiation thermometer as said thermometry means. 

[Claim 4] The projection aligner according to claim 1 characterized by having the storage means which the 
temperature distribution of said optical element and the optical property of said projection opticd system 
were made to correspond, and was memorized. 
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[Claim 5] It is the projection aligner according to claim 1 which is equipped with a simulation means to 
simulate the image formation property of said projection optical system as a control result of said 
temperature adjustable means by said temperature-distribution control means, and is characterized by said 
temperature-distribution control means controlling said temperature adjustable means based on the result of 
the simulation by said simulation means. 

[Claim 6] The aligner according to claim 1 characterized by having an infrared exposure means to irradiate 
infrared radiation by the pattern of the request to said optical element as said temperature adjustable means. 
[Claim 7] In a projection aligner including the illumination system which illuminates reticle, the substrate 
stage holding a sensitization substrate, and the projection optical system which forms the pattern image of 
said reticle on said sensitization substrate. 

The projection aligner characterized by having the temperature adjustable means which equipped said 

optical element with an infrared exposure means to irradiate infrared radiation by the desired pattern, and 

the temperature-distribution control means which amends the aberration of said projection optical system by 

controlling said temperature adjustable means and giving predetermined temperature distribution to said 

optical element in order to change the temperature of the optical element which constitutes said projection 

optical system. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] 00 1 0 

[Method of Amendment] Modification 

[Proposed Amendinent] 

[0010] Namely, this invention is set to a projection aligner including the illumination system (lU) which 
illuminates reticle, and the projection optical system (PL) which forms the substrate stage (ST) holding a 
sensitization substrate (W), and the pattern image of reticle (R) on a sensitization substrate. A temperature 
adjustable means to change the temperature of the optical element (LI - L6) which constitutes a projection 
optical system (PL) (HI, H2, HPl- HPS, SC), A thermometry means to measure the temperature distribution 
of an optical element (SI - S8, IR), It is characterized by having the temperature-distribution control means 
(TC) which amends the aberration of a projection optical system by controlling a temperature adjustable 
means based on the temperature distribution measured by the thermometry means, and giving predetermined 
temperature distribution to an optical element. Moreover, this invention is set to a projection aligner 
including the illumination system (lU) which illuminates reticle, and the projection optical system (PL) 
which forms the substrate stage (ST) holding a sensitization substrate (W), and the pattem image of reticle 
(R) on said sensitization substrate. In order to change the temperature of the optical element (LI - L6) which 
constitutes a projection optical system (PL) An infrared exposure means to irradiate infrared radiation by the 
pattem of the request to an optical element (LI - L6) (SC), It is cheiracterized by having the temperature- 
distribution control means (TC) which amends the aberration of a projection optical system (PL) by 
controlling an infrared exposure means (SC) and giving predetermined temperature distribution to an optical 
element (LI - L6). 
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